Allogenic haematological stem cell transplantation (allo-SCT) from a human leukocyte antigen (HLA) matched related or unrelated donor is used as a curative therapy for a large number of malignant and non-malignant haematological diseases. The curative effect of allo-SCT is achieved by graft versus leukaemia effect while the downside of the graft versus patient activity is the graftversus-host-disease (GVHD), a major reason for mortality and morbidity. The search of articles for this review had been accomplished using Ovid, Medline, Embase, Pubmed and was supplemented by retrieving cross references also. Electronic literature search for English language articles with full text access was performed using graft versus host disease, ocular, management, dry eyes as key words. This review has been intended to explicate the classification, pathogenesis, risk factors and management of ocular graft versus host disease.
Introduction
GVHD is a disease related to allogenic haematological stem cell transplantation. This disease is due to T cell response of donor cells to the proteins of recipient host cells which are genetically defined. These proteins are usually consisting of highly polymorphic HLA which are encoded by the major histocompatibility complex (MHC). HLA class I antigens which includes A, B, C are proteins expressed on nearly all the nucleated cells of
Systemic GVHD Clinical Features
The incidence of acute and chronic GVHD is reported to be around 40% and 30% -70% respectively among the HLA-matched patients [8] [9] . According to a study by Vanathi et al. on Indian population the prevalence of chronic systemic GVHD was found to be 33% in post allo-SCT patients [10] . The classical aGVHD presentation includes involvement of mainly three organ systems: skin, gastrointestinal tract and liver. Patients can present with rashes/blisters over skin along with nausea, vomiting, diarrhoea, abdominal bloating, blood in stool and loss of appetite in acute stage. Liver involvement is not uncommon, it manifests as jaundice and dark colour urine in acute stage. Whereas in cGVHD additional organs for example-joints, eyes, lungs and genitals also get involved.
Pathogenesis of Acute GVHD Proceed in 3 Steps
Step 1: Includes activation of antigen-presenting cells (APCs) due to the damage resulted from the allo-SCT conditioning regimen.
Step 2: Includes activation, proliferation, differentiation and migration of donor T cells due to the host histoincompatible antigens presented by the APCs.
Step 3: Includes local tissue injury, inflammation and target tissue destruction due to the cascade of both cellular mediators such as cytotoxic T lymphocytes and natural killer cells [11] .
The chronic GVHD is of autoimmune nature which involves the skin, mouth, GI tract, genitalia, eyes, musculoskeletal system and fibrotic as well as stenotic changes [12] . cGVHD usually starts after aGVHD, though it can start de novo with either involvement of one single organ or widespread in several organs. The most commonly documented sites of involvement in systemic GVHD are skin (75%), mouth (51% -63%) and liver (29% -51%) along with associated ocular involvement in 40% -60% of the patients [1] . 
Pathogenesis of Chronic GVHD
In pathogenesis of cGVHD T cells have been reported to have role whereas detection of auto antibodies support the role of B cells. As cGVHD is of autoimmune nature, it resembles autoimmune diseases like systemic sclerosis [12] .
Risk Factors for the Development of Systemic GVHD
The risk factors for the development of acute GVHD as documented in past literature are [13] - [20] :
• Disparity in HLA;
• The use of high doses of total body irradiation under conditioning regimens;
• If female is donor for male recipient and female donor is having history of prior pregnancies or transfusions • Lack of prophylaxis for acute GVHD;
• The recipient's older age;
• The peripheral blood stem cells in unrelated donor transplantation have been found associated with both acute and chronic GVHD; • Lower incidence of aGVHD is reported in Tacrolimus-based prophylaxis as compared to cyclosporinebased prophylaxis; • ABO incompatibility, prior herpes virus exposure, racial predilection and antibiotic gut decontamination are among the other risk factors.
The risk factors for development of cGVHD as documented in past literature are [21] : • History of prior aGVHD; • Donor's or recipient's older age;
• In transplants where chronic myeloid leukaemia or aplastic anaemia was the primary diagnosis;
• If female is a donor for male recipient; • Incomplete HLA matching for related donors and selection of unrelated donors;
• If peripheral blood is accepted as a stem cells source;
• Lack of T-cell depletion.
Diagnostic Criteria for Chronic GVHD
According to National Institutes of Health (NIH) working group consensus document, the diagnosis of cGVHD requires distinction from acute GVHD as well as other possible diagnosis. The criterion for diagnosis is either at least one diagnostic clinical sign of cGVHD seen or at least one distinctive manifestation noted which is confirmed by pertinent biopsy/other relevant tests. The diagnosis of cGVHD needs the occurrence of at least one of the diagnostic features in the skin (poikiloderma, lichenoid changes and scleroderma), in gastrointestinal tract (stenosis in the upper or mid-third of the oesophagus or the presence of oesophageal web or strictures), in mouth (restricted mouth opening due to sclerosis , hyperkeratotic patches and lichen-type features ), in genitalia (vaginal scarring or stenosis), bronchiolitis obliterans, and in musculoskeletal system manifestations like fasciitis, joint stiffness, or contractures secondary to sclerosis [7] .
According to NIH consensus though dry eye is a characteristic sign reported in cGVHD, however it itself is not sufficient to make a diagnosis of cGVHD [22] .
Ocular GVHD
After allo-SCT, ocular GVHD (oGVHD) develops in 40% -60% of patients and in already diagnosed GVHD patients, oGVHD develop in 60% -90% which results in exceedingly severe ocular surface disease [23] - [25] . oGVHD is considered as a poor prognostic sign and develops in about 10% of aGVHD patients [26] [27] . According to study done by Vanathi et al. oGVHD was documented in 30% of post allo-HSCT patients in the Indian population [28] .
The keratoconjunctivitis sicca (KCS) is reported to be the most frequent manifestation of chronic oGVHD (40% -76% of patients) [29] [30] . In previous literature the patients with skin or mouth involvement are documented to be more prone for the development of oGVHD [31] . oGVHD can occur as an early manifestation of systemic GVHD [32] . KCS can also be initiated by total body irradiation and can also occur due to the immune suppression treatment as it can lead to lacrimal deficiency.
Pathophysiology of Ocular GVHD
The acute oGVHD is essentially a T-cell-mediated process [27] . Whereas chronic oGVHD is characterized by excessive fibrotic changes and destruction of tubule alveolar glands which ultimately cause damage to ocular surface and result in dry eye [33] . In chronic usually there is increase in number of stromal CD34 β fibroblasts as well as infiltration of T cell in periductal areas [27] . High-risk factors for oGVHD:
• In patients with skin or mouth involvement [31] .
• Allo-SCT from unmatched related donors [29] .
Diagnosis of Ocular GVHD
1) As per NIH consensus, for diagnosing oGVHD [7] the criteria includes either documentation of new ocular sicca with a low mean value of ≤5 mm at 5 minutes in both eyes with Schirmer's test or documentation of newly onset Keratoconjunctivitis sicca on slit-lamp examination with Schirmer's test mean values of 6 -10 mm. If above mentioned two criteria are seen along with the presence of distinctive manifestations in at least one other organ, diagnosis of chronic GVHD is confirmed [7] . However Schirmer's score is not sufficient criterion for the diagnosis of chronic oGVHD, as high false positives and negatives are reported if diagnosis is based on Schirmer's test alone [34] . Other factors like patient's symptoms, ocular surface staining and tear film dynamics are also important while evaluating such patients of oGVHD [22] .
2) The new diagnostic metrics for chronic oGVHD is defined by the International chronic oGVHD consensus group. As per the consensus group the measurement of following four subjective and objective variables is must in patients of post allogenic hematopoietic stem cell transplantation (HSCT) [22] .
• Ocular Surface Disease Index (OSDI); • Schirmer's score without putting anaesthetic drops;
• Staining of corneal surface (CFS);
The variable of conjunctival staining was not taken as parameter due to its high variability in its values. Each variable was scored 0 -2 or 0 -3, with a maximum composite score of 11.
The corneal fluorescein staining scores are marked from 0 to 3 points • Grade 0 = None;
The slit lamp pictures of conjunctival injection used for grading are shown in Figure 2 .
A score above 1 point is regarded as abnormal. On the basis of their combined score and after consideration of presence or absence of systemic GVHD, patients are divided in to three diagnostic categories: No, Probable and Definite ocular GVHD.
Based on accumulative scores for each parameter disease severity is assessed by grading patients as none, mild/moderate and severe ( Table 2) . Based on the total scores assessed and the assessment of presence or absence of systemic GVHD, the diagnosis of oGVHD is made ( Table 3) .
Severity classification Total score points are the sum of Schirmer's test score, CFS score, OSDI Score and Conjunctival injection score.
• None = 0 -4;
• Mild/Moderate = 5 -8;
• Severe = 9 -11.
3) Grading Scales for Ocular GVHD A) NIH consensus criteria In the NIH consensus, the criteria for diagnosing oGVHD is as mentioned in section 6.2.1. The NIH eye score has a range of 0 -3 as shown in Table 4 . Moderate dry eye symptoms which partially affects daily activities and topical drops are required >3 times a day with or without the need of punctual plugs. In this grade vision does not get affected.
Test not done 3 Severe dry eye symptoms resulting in inability to do person's daily activities and causing significant disability for work due to severe uncomfortable or impaired vision due to KCS B) Japanese dry eye score The Japanese dry eye criteria [35] for diagnosis is as follows: The positive result in at least one of the above tests indicates the conjunctivocorneal epithelial surface damage.
Definite dry eye: Diagnosis of definite dry eye is considered if all three above written criteria are fulfilled. Probable dry eye: Diagnosis of probable dry eye is considered if either one or two out of 3 above mentioned criteria are fulfilled.
Normal eye: If none of the above written criteria is getting fulfilled. With this Japanese dry eye scoring system the severity of the dry eye is scored with a range of 0 -2. 
Clinical Features of oGVHD
The oGVHD disease includes wide range of clinical manifestations which affects almost all layers of the eye like the lids, lacrimal glands, conjunctiva, cornea, the vitreous and the choroids. The involvement of the posterior segment is less likely [37] [38].
The Ocular Surface Manifestations in oGVHD
The outcome of both direct or an indirect conjunctival goblet cell involvement, of lacrimal gland stasis caused by immunosuppression or total body irradiation can give rise to the ocular surface and corneal complications of GVHD [38] . The corneal and conjunctival findings include epithelial thinning, keratinization and squamous metaplasia [39] .
Patients of aGVHD can present with both corneal and conjunctival findings and the severity of their ocular signs generally correlates with the severity of systemic disease.
In aGVHD pseudo membranous conjunctivitis has been documented in 12% -17% of patients and it is marker of systemic involvement associated with a poor prognosis [40] . The pseudo membranous conjunctivitis can arise after conjunctival hyperaemia associated with epithelial sloughing which subsequently leads to scarring. In severe cases corneal epithelial sloughing presents along with the pseudo membranous changes which occurs in up to one third of patients [40] . Documentation of strong correlation of Dry-eye syndrome or kerato conjunctivitis sicca (KCS) with aGHVD is there in literature [25] .
Chronic GVHD manifestations include new onset of dry, gritty, or painful eyes, excessive tearing, burning sensation, light sensitivity, blurring of vision, cicatricial conjunctivitis, kerato conjunctivitis sicca, and confluent areas of punctate keratopathy [41] .
Dry Eye
In literature dry eye syndrome (DES) is reported as the most frequent complication and documented to be found in 40% to 76% of GVHD patients. The main cause of DES in cGVHD is fibrosis of the acini and ductules proceeded by lymphocytic infiltration of the accessory and major lacrimal glands [29] [30] . However other contributing factors include irradiation, chemotherapy, immunosuppressive therapy, infection and meibomian gland dysfunction [29] .
Though the median time of development of dry eyes is around six months, but it can develop any time between few weeks up to 100 months after transplantation. Most of the patients start experiencing dry eye or foreign body sensation with associated ocular fatigue and discharge which later on progress further to severe dry eye like Sjogren's syndrome. Burning, stinging, itching, soreness and heaviness sensations in eyelids, and photophobia are among the other symptoms [38] .
Conjunctiva
Conjunctival involvement is found to be rare in aGVHD, though if present, it is a poor prognostic factor and marker for severe systemic involvement. The manifestations of conjunctival involvement vary from mild erythema to pseudo membranous and cicatrizing conjunctivitis similar to Ocular cicatricial pemphigoid.
In aGVHD ulcerative and haemorrhagic conjunctivitis are the more common manifestations, which subsequently progress to scarring and symblepharon formation. These cicatricial changes progress further during chronic phase of GVHD [39] [40] .
Conjunctival Grading in Acute and Chronic GVHD A) Classification of Conjunctivitis in Acute GVHD [40] Grade 0-None. Grade 3-If fibro vascular changes in palpebral conjunctiva involve 25% -75% of total surface area. Grade 4-If more than 75% of total surface area involved with or without cicatricial entropion.
Corneal Involvement
Corneal involvement is more commonly seen in cGVHD than in aGVHD. In aGVHD features like filamentary keratitis and corneal epithelial keratitis are common. Chronic GVHD mostly shows features of keratoconjunctivitis sicca. Severe dry eyes may present which in turn can cause filamentary keratitis, corneal ulceration, corneal neovascularization, and ultimately corneal perforation if not treated [43] [44].
Lacrimal Gland Involvement
Lacrimal gland dysfunction is found to be the most common ocular manifestation of ocular GVHD in past literature. In cGVHD disease there is documented tear dysfunction due to infiltration of mononuclear cell into major as well as accessory lacrimal of Kraus and Wolfring [30] .
Cataract
Even though cataract formation is the most common cause of visual acuity loss in these patients, its incidence increase further because of side effects of corticosteroid or total body irradiation therapy [44] .
Other Findings
Anterior uveitis is not very commonly seen during exacerbations of systemic GVHD. It is important to distinguish infectious aetiology or neoplastic masquerade syndrome from non-infectious uveitis [45] [46] . Posterior segment complications are seen in around 12% of patients. The common vitreoretinal complications seen in GVHD are retinal microvasculopathy including features like intraretinal or vitreous haemorrhage and cotton wool spots [47] .
Central serous chorioretinopathy (CSCR) is not commonly seen in HSCT patients. GVHD itself has been reported to affect the choroidal vasculature leading to choroidal hyper permeability and the development of CSCR.
Association of acute ocular GVHD with posterior scleritis has also been documented in past [48] - [50] . Posterior segment infections such as infectious retinitis due to cytomegalovirus (CMV), herpes simplex virus and varicella zoster virus had also been reported as complications in literature [38] . The manifestation of disc oedema although irreversible is reported to be due to the toxic effects of treating drugs like chemotherapeutic agents for example cyclosporine A and due to coexisting medical conditions [47] .
Patient Workup
The following parameters should be checked while doing work up of patients suspected of having chronic ocular GVHD [20] .
• Vision assessment.
• Slit lamp examination for tear-film break-up time and Schirmer's test.
• Intraocular pressure measurement (IOP).
• Staining the conjunctival surface with lissamine green and cornea with fluorescein dye and then grading of corneal fluorescein staining by using either the National Eye Institute scale or the modified Oxford grading scale.
• Perform conjunctival or corneal swabs or scrapes for microbiological evaluation in cases of questionable aetiology.
• Tear film osmolarity and confocal microscopy to help in deciding the treatment modality and follow-up assessment.
• A dilated fundus examination to rule out posterior segment manifestations of chronic GVHD or cytomegalovirus.
• Slit lamp examination of Lens, IOP measurement and visual field examination is required to assess any posterior capsular cataract or glaucoma development due to prolonged steroid use or radiation.
• Symptoms evaluation can be performed by using the Ocular Surface Disease Index (OSDI).
• Video keratoscope can be used to see difference of higher aberrations of indices in patients with chronic ocular GVHD as compared to normal counterparts.
GVHD Management Strategies

1) Systemic GVHD prevention and prophylaxis
To prevent GVHD following strategies should be followed: • Optimal HLA-matching is must for the prevention of GVHD both MHC class I and II loci between donor and recipient should be matched.
• The use of Calcineurin inhibitors like cyclosporine and tacrolimus have been reported for the prophylaxis of GVHD. Tacrolimus along with the low doses of methotrexate use is documented for the prophylaxis of acute GVHD. Tacrolimus when used was found to have a lower rate of aGVHD occurrence as compared to cyclosporine [18] .
Acute GVHD Treatment
Systemic immune suppression is the most important aspect while managing GVHD. Steroid therapy, although considered the gold standard for treatment of GVHD due to its antilymphocytic and anti-inflammatory properties, can help in complete remission in less than 50% of patients only and the severe cases more likely don't respond to steroid therapy alone. Such cases may require a more effective prophylaxis and treatment [51] . 5-year survival rates are also low in the steroid-resistant cases, implying a poorer prognosis. Although MMF, ATG, TNF inhibitors, and other agents are commonly used as second line agent, there is no data to support their use as the same [20] .
Chronic GVHD Treatment
Corticosteroids are the mainstay of therapy for chronic GVHD. Even though they are not totally satisfactory, no other agent has been demonstrated to be better than steroids in the treatment of chronic GVHD in a randomized trial [52] . The newer treatment modalities which are under trial include: • Regulatory T cells modulation using ultra-low dose IL-2 [53] .
• ECP (Extracorporeal photopheresis) has been shown to be effective in acute steroid refractory GVHD with better long term survival [54] .
• Imatinib meslylate has shown promising results as an adjunctive therapy in sclera dermatous chronic GVHD [55] .
The most essential step of GVHD management is to avoid infections by giving supportive care in the form of either prevention, prophylaxis and giving treatment. After transplantation during the first year prescription of Acyclovir for viral prophylaxis and trimethoprim sulfamethoxazole or atovaquone for pneumocystis prophylaxis are advised and can be given later on also, if systemic immune suppression is indicated for chronic GVHD [20] .
Ocular GVHD Treatment
The systemic treatments for GVHD help in oGVHD too, but the severity of systemic disease cannot be directly correlated with the ocular manifestations. Therefore increasing the systemic immunosuppression is not the best approach to treat oGVHD. An organ specific approach is more desirable [20] .
The treatment modalities in oGVHD target the following: [56] • Ocular surface lubrication and support for the tear film;
• Control of inflammation;
• Epithelial and mucosal support;
• Prevention of tear evaporation.
1) Ocular Surface Lubrication and Support for the Tear Film
Frequent topical lubrication with artificial non-preserved free tears is usually the mainstay of treatment in ocular GVHD with severe aqueous deficiency dry eye [1] . Lubricating medications assist in the dilution of the inflammatory mediators present at the ocular surface.
• Acetylcysteine (5% -10%) eye drops can be useful in patients presenting with ocular surface adherent filament [20] .
• To preserve tears punctal occlusion can be done either with thermal cauterization or with silicone punctual plugs. These when used with autologous serum were found to increase the retention of the same [57] . Although they haven't been specially studied in GVHD patients systemic selective muscarinic agonists such as cevimeline or pilocarpine may be used to increase aqueous tear flow [58] . 2) To Control Inflammation • Topical steroids Topical steroids have been shown to be beneficial in aGVHD due to its immunosuppressive action by Kim et al. [59] . Topical steroids have also been shown to be beneficial in cGVHD patients with cicatricial changes without having corneal epithelial defects, infiltrate and stromal thinning [42] .
• Topical cyclosporine Topical cyclosporine (CsA) eye drops are useful in patients with chronic ocular GVHD and KCS where other treatment modalities are not successful. Mechanism of action of CsA is to inhibit release of lymphokines from their activated T cells present in the conjunctiva by inhibiting proliferation and production of lymphokines itself. It also increases the conjunctival goblet cell density and decreases the epithelial cell turnover. Topical cyclosporine role in improving corneal fluorescein staining, by improving basal tear secretion in ocular GVHD patients is well documented [60] - [62] .
• Tacrolimus (FK506) Tacrolimus (FK506) is a macrolide antibiotic which is similar to CsA in terms of mechanism of action and its pharmacokinetics. Although Systemic tacrolimus has been shown to have a beneficial effect in some cases of ocular GVHD, not enough data is available for the use of topical tacrolimus in these patients. Tam et al have reported successful treatment of a case of oGVHD using topical tacrolimus [63] .
• Topical Tranilast Topical tranilast is an anti allergic medication which acts by inhibition of production and release of various ocular inflammatory mediators as well as cytokines. It interferes with migration and the proliferation of vascular medial smooth muscle cells along with inhibition of collagen synthesis and TGF-b induced matrix production. A small group of GVHD patients on treatment with topical tranilast were reported to have shown improvement in reflex tearing and Rose Bengal scores [64] .
3) For Epithelial Support • Autologous serum eye drops
In literature autologous serum had been documented to be not only safe but effective modality for the treatment of severe dry eye associated with chronic GVHD. Various factors for example epithelia trophic growth factors, nerve growth factors, cytokines and vitamins present in autologous serum helps in proliferation, differentiation, maturation as well as in maintaining integrity of the both corneal and conjunctival epithelial surfaces [57] .
• Contact lenses Contact lenses can be used in moderate to severe dry by stabilising the tear film and also improve the epithelial cells turn over. Significant improvement in dry eye manifestations in terms of both symptoms and visual acuity has been documented in patients with dry eye due to GVHD with the use of silicon hydrogel contact lenses by Russo et al. [65] . Scleral lenses help in relieving the symptoms in dry eye patients by creating a tear filled vault over the cornea [66] .
• Surgical interventions like limbal stem cell transplantation, amniotic membrane transplantation and penetrating keratoplasty had also been documented as an option to treat severe dry eye. However one should keep in mind the poor prognosis associated with the allografts in these patients is due to poor ocular surface and tear deficiency [67] .
4) For the Prevention of Tear Evaporation
The evaporation of tears may be prevented by maximising the Meibomian gland output by using measures like warm compresses, lid hygiene, topical erythromycin and oral doxycycline therapy. Doxycycline has both antibiotic and anti-inflammatory properties. The latter is due to the inhibition of matrix metalloproteinase and IL-1 activity [68] [69] .
Other treatment modalities that could be used include nutritional supplements such as flax seed oil and fish oil (omega-3 fatty acids), moist chamber glasses and retinoic acid [70] . 5) Use of Systemic Immunosuppression for Ocular GVHD To avoid unwanted systemic side effects systemic immunosuppression is not suggested in patients with ocular GVHD alone. It is advised in chronic ocular GVHD patients only if, not getting benefit from topical treatment. In terms of ocular surface improvement extracorporeal photopheresis is one another option in chronic GVHD. Imatinib improved the Schirmer's scores in a small series of patients with chronic GVHD and has shown promise.
Conclusion
To summarize, it can be said that transplantation related morbidity has been decreased due to advances in technology used for transplantation these days as well as treatment modality. Though ocular GVHD is contributed mainly by conjunctival and lacrimal gland abnormality but involvement of other ophthalmic structures is also documented especially in chronic GVHD. In chronic ocular surface disorder disease severity can vary from dry eye to severe inflammation and scarring which can lead to sight threatening sequel. In past ocular GVHD was overlooked due to deficiency of exact diagnostic criteria. However, future advances by involving biomarkers for disease identification as well as targeted individual based therapy will lead to focused management protocol and optimal visual outcomes.
